Abstract: Agricultural land provides many different services resulting in a high competition between agricultural production, residential purposes and nature conservation. To give more insight into the competition between nature conservation and agriculture, this study empirically analyzes the impact of nature conservation on German standard farmland values by including the shares of different protected areas in a spatiotemporal regression model. The results indicate that nature conservation can influence standard farmland values, but the magnitude and direction of the effect differ depending on the type of protected area, the type of land use and by region. While there is evidence that protected areas can have a price-decreasing impact on arable land, standard farmland values for grassland tend to be mainly affected positively in the study area. Thus, the results suggest that there is not only land-use competition, but also compatibility between agricultural production and nature conservation.
Introduction
Agricultural land provides many different services including natural resource supply, climate regulation, biodiversity and open space, leading to high competition for land between agricultural production, residential purposes and conservation or preservation [1] .
According to the hedonic pricing model, the value of agricultural land is determined based on its provided services [2, 3] . Hence, studies using the hedonic pricing model as a theoretical basis are able to empirically analyze which portion of the farmland value is derived from the interest in one of the respective services. These studies typically focus on a specific service while taking into account explanatory variables for the others. For example, particular interest was given to the impact of farm payments within the European Common Agricultural Policy (CAP) framework [4] [5] [6] and other farm programs [7] , as well as off-farm income [8] , biogas production [9] , urban sprawl [10] [11] [12] and natural amenities [13] [14] [15] .
However, the relationship between agricultural land values and nature conservation has been relatively rarely considered so far. In fact, some of the studies analyzed the effect of proximity to different protected areas as an indicator for natural amenities. Here, nature conservation was associated with its attractiveness for nearby residential purposes, and therefore, a positive correlation with farmland values was often identified. With regard to agricultural production, [16] oppositely argued that protected areas can also have a strong negative impact on farmland values due to related usage restrictions. If farmland is located in a protected area, the related usage restrictions are, in the worst case, able to reduce the market value of farmland to a value that is only marginally higher than wasteland. However, even the objective to preserve the status quo will likely result in a value depreciation as the conversion to non-agricultural land use is strongly limited.
Hence, preserving farmland often draws a fine line between private property rights and the obligation of public authorities to protect and preserve land resources for future generations [14] . Thus, it is clear that conflicts of interest exist between agricultural production and nature conservation.
As a consequence, there should be considerable interest regarding the impacts of protected areas on farmland values by several stakeholders. Politicians have to take into account the implication of designating new or expanding existing protected areas on the agricultural sector; appraisers have to assess the potentially related depreciations of farmland values; and credit institutions have to take into account potentially related depreciations as farmland is usually used as collateral to take out a loan.
This paper contributes to the existing studies in two ways. First, we systematically analyze the legal situation in our study area consisting of the two German federal states Thuringia and Rhineland-Palatinate. The analysis allows us to give an overview of usage restrictions related to different types of protected areas and to show how they can influence the value of agricultural land. Thereby, we differentiate between national (protected landscapes and nature reserves) and international (European Natura 2000 network) protected areas. As the legislative power lies with the federal states, the analysis of two federal states further enables us to investigate possible differences in the legal situations regarding protected areas. Second, we empirically examine the impact of the different types of protected areas on standard farmland values for arable land and grassland in our study area.
The overall objective of the study is to provide more information about the relation between agricultural land values and nature conservation for all relevant stakeholders such as farmers, appraisers and credit institutions. Findings could be further helpful for policies aiming at a future conflict-free combination of agricultural production and nature conservation both on the national and European level.
Characteristics of Different Protected Areas Related to the Study Area
Protected areas are one of the most important instruments of nature and landscape conservation [17] . At the European level, the coherent network "Natura 2000" is at the core of national and transnational nature conservation policy. The network consists of the Special Protection Areas (SPA) according to the Birds Directive from 1979 and the Special Areas of Conservation (SAC) according to the Habitats Directive from 1992. Since 2009, Natura 2000 areas cover around 20% of the total land area of the European Union (EU) and are set up to ensure the long-term survival of Europe's most valuable species and habitats [18] .
The main objective of Natura 2000 areas is a favorable conservation status of the habitats and species of community interest defined in the annexes of the Habitats and Birds Directives. The legally-watertight implementation of this objective is mandatory for all member states. Bird sanctuaries are directly considered as SPA after reporting them to the European Commission. Areas for the habitat protection are firstly reported as proposed Sites of Community Importance, and then, the most suitable areas are selected on the European level followed by their final legally-watertight placement under protection by the member states. In Natura 2000 areas, nature and landscape conservation is result-oriented. This means that the member states are able to decide how the objective of a favorable conservation status should be achieved. Within the large-scale Natura 2000 areas, only the defined habitats and species are strictly protected, while the rest of land is free from conservation. Hence, the level of protection considerably varies within the SPA and SAC.
In Germany, the Federal Act for the Protection of Nature ("Bundesnaturschutzgesetz"; BNatSchG) defines further types of protected areas. By this, specific protection purposes and objectives can be achieved. The most important types of national protected areas in Germany are national parks, nature reserves (NSG) and protected landscapes (LSG). While national parks almost exclude all human activities ( §24 BNatSchG), nature reserves only prohibit activities that lead to destruction, damage or change of the area or its components ( § 23 BNatSchG). For protected landscapes, the intensity of protection is substantially lower. Here, the objective is to preserve, develop or restore the efficiency, functionality and regeneration capacity of the ecosystem, as well as a sustainable usability ( § 26 BNatSchG). A set of commandments and prohibitions exist that regulate certain agricultural activities in order to fulfil the different objectives (described below). Thus, in contrast to the result-oriented European approach, nature and landscape conservation is action-oriented in national protected areas. Table 1 summarizes the characteristics of the described protected areas. Furthermore, the average shares of these protected areas are given for Germany and for the two federal states Thuringia and Rhineland-Palatinate. The different protection objectives result in a strong variation of the related usage restrictions for agricultural production. In our study area, national parks are solely forest areas, and hence, the impact of this type of protected areas on agricultural land values is not further considered.
The potential usage restrictions are not related to the specific type of protected areas. For national protected areas, the usage restrictions are individually determined in a legislative decree for each protected area. Thus, a systematical analysis of the legislative decrees was conducted for both federal states to give an overview of possible usage restrictions related to nature reserves and protected landscapes in the context of agricultural production. For giving a representative overview, we looked through the legislative decrees of the largest protected areas of the respective type until at least 50% of the total protected area are covered by the analysis. For Thuringia, the legislative decrees of several protected areas are not available digitally. For nature reserves, we were able to achieve the criteria of covering 50% of the total protected area by considering also smaller nature reserves. However, in the context of this study, it was only possible to analyze two legislative decrees of protected landscapes covering 15% of total protected area.The results are shown in Table 2 . The first column lists the possible restrictions in the protected areas with regard to agricultural production according to the reviewed legislative decrees. The right columns specify how many of the reviewed legislative decrees of nature reserves and protected landscapes include the respective restriction. The usage restrictions can be divided into restrictions related to land use, agricultural input and water regulation. Most of the nature reserves and all protected landscapes prohibit land development (construction) and the extraction of mineral resources. Landscape components are also not allowed to be removed in most of the areas (This is not a particular issue for agricultural land located in protected areas. The removal of landscape components is also prohibited for farmland applied for receiving direct payments of the CAP since 2005 when the payments have been linked to the Cross Compliance provisions.). Almost half of the nature reserves and two protected landscapes prohibit the conversion of grassland into arable land in Rhineland-Palatinate. Furthermore, the maintenance of fallow land is required in three nature reserves. For Thuringia, the share of legislative decrees prohibiting grassland and fallow land conversion is significantly higher (Since 2015, the preservation of grassland is also linked to the receipt of the Greening Component, which is a part of the direct payments. However, the conversion of grassland is still possible, but needs prior approval. The conversion is generally approved if the loss of grassland is compensated elsewhere. Exemptions exist for federal states with a more than 5% loss of grassland in 2015 compared to 2012, as well as for environmentally-sensitive grassland (in Germany, grassland within SAC), grassland in flood plains according to the Water Resources Act and protected biotopes according to § 30 BNatSchG. In addition, for Rhineland-Palatinate, the need for prior approval for the conversion of grassland has existed since mid-2014, as the federal state had already exceeded the 5% loss limit of grassland according to the European Regulation (EC) No. 73/2009.). Agricultural input restrictions are only included in nature reserves. Again, the limitation or prohibition of the application of manure, mineral fertilizer or plant protection products is more frequently found in the Thuringian legislative decrees. Here, related regulations mainly refer to grassland, indicating that grassland is particularly protected in Thuringia. In both federal states, the individual legislative decrees partly specify the application requirements for agricultural inputs: e.g., the application of agricultural inputs can be regionally prohibited for agricultural land near rivers or for special biotopes like dry grasslands. Water regulation restrictions are also mainly included in nature reserve decrees. Protected landscapes are limited to the prohibition of changes in water bodies and wetlands. Some of the analyzed legislative decrees of nature reserves have special restrictions, e.g., provisions relating to time and the number of cuts for meadows and provisions relating to animal species, grazing period and livestock density for pasture. Comparing both federal states, the usage restrictions related to national protected areas are similar. Nature reserves contain more and stricter regulations. Grassland usage is regulated more intensively, especially in Thuringia.
All activities that endanger the objectives of national protected areas are defined as interventions in nature ( § 14 (1) BNatSchG) and should primarily be avoided or otherwise need to be compensated ( § 13 BNatSchG). Here, an important feature is that agricultural production is usually not treated as an intervention in nature ( § 14 (2) BNatSchG) as long as agricultural land use complies with the principles of good agricultural practice defined in § 5 (2) BNatSchG. This exception is called the "agriculture clause" and means that agricultural activities complying with the principles of good agricultural practice are usually not affected by the usage restrictions according to Table 2 . However, the individual legislative decrees usually define some of the usage restrictions also to be met for agricultural land use. The agriculture clause also applies to European protected areas.
Both federal states give priority to the instrument of nature conservation contracts for preserving a favorable conservation status of the habitats and species of community interest within Natura 2000. Here, habitats and species are preserved by a voluntary cooperation between the land owner or user and the conservation authority. For this, the responsible authorities developed recommendations for appropriate measures to preserve habitats and species. Farmers ensure the implementation of the recommended measures for the contract period and receive a compensation payment.
With regard to agricultural production, lowland hay meadows comprise the most relevant habitat within Natura 2000 in Germany. This habitat belongs to the mesophilic grasslands in the category of natural and semi-natural grassland formations. Although the recommended measures are individually compiled in a management plan for each area and by each federal state, the measures to secure a favorable conservation status of the habitats are similar. This is reasonable as habitats are developed by comparable natural circumstances or human cultivation activities. To preserve this common habitat, both federal states recommend an extensive use of grassland by one-or two-cut mowing, the removal of mowed material, no scrub encroachment and fertilizer application based on nutrient removal. After the first use of mowing, grazing is also allowed as the second use [23, 24] .
In both federal states, the contractual nature conservation is integrated in the second pillar of the CAP as a separate focus of support. To fulfil the objectives, different support options for arable land and grassland exist (see the payment programs of the second pillar of the CAP in both federal states for an overview of the different support options for arable land and grassland and the amount of payment for the different measures). If nature conservation contracts are not able to achieve the conservation objectives, the protection of the habitats can also be realized by the designation of a national protected area.
In summary, we clarified what kinds of usage restrictions with regard to agricultural production exist in the different types of protected areas. The analysis reveals similar nature conservation measures in both federal states, even though the individual legislative decrees and management plans include several site-specific regulations. For the empirical analysis, we now need to clarify how the identified usage restrictions are able to influence the value of farmland.
Theoretical Considerations and Hypotheses
The value of farmland is principally determined by its ability to generate returns from agricultural production and non-agricultural sources such as the potential development to urban land use [15] . Following [16] , returns from agricultural production can be divided into several components. In general, the cultivation of arable land and grassland provides products both for the market and for feeding one's own farm animals. If farmland is located in a protected area, usage restrictions like the prohibition of mineral fertilizer or pesticides can considerably reduce related yields, and thus, this value component significantly decreases. For livestock farming, agricultural land further includes the components of nutrient utilization and livestock units. Here, farmland is needed to provide evidence of sufficient land for manure application and the number of kept farm animals (Livestock farming needs a sufficient amount of land for manure application according to the Fertilizer Ordinance. Furthermore, the German tax law distinguishes between agricultural and commercial activities with several privileges for the former. For the distinction, the law regulates how many livestock units are allowed per hectare.). For example, prohibition of manure application on farmland located in a protected area can result in a considerable economic burden for the farmer, if he/she needs to find alternative application opportunities to fulfill the legal guidelines. The component of livestock units is not affected by nature conservation requirements. The same applies to the entitlement for the single farm payments of the CAP, which is a further value component. Additionally, farmland is typically used as collateral to take out loans in the agricultural sector. The loan value component can be negatively affected in two ways. First, a reduction of returns from agricultural production due to usage restrictions can result in a decreased debt service. Second and more importantly, farmland located in a protected area is less attractive for potential buyers because of usage restrictions, which reduces the possibility of repurchase for the creditor.
Returns from non-agricultural sources are obtained when farmland is converted to urban uses. Moreover, the value of farmland is also affected by speculative effects represented by farmland conversion risk [10] . According to the regulations of the different protected areas, the conversion and speculative component are lost completely if agricultural land is located in a protected area.
In summary, the reduction or elimination of one or more of the farmland value components depends on the respective regulations included in the specific legislative decree or management plan. Based on the analysis of the characteristics of protected areas and the previous theoretical considerations, we derive the following hypotheses regarding the impact of nature conservation on farmland values: 
Methodology
The hedonic pricing model has become the standard empirical approach for modeling agricultural land values as a function of specific attributes [11] . As farmland is a spatially-fixed asset, it is reasonable to take spatial effects into account when empirically estimating the hedonic pricing model for farmland values. Hence, we use a spatial regression model to account for possible spatial dependence and spatial heterogeneity. This ensures unbiased, consistent and efficient estimation results [25] . Spatial neighborhood relationships are integrated by spatial weight matrices, which have to be defined exogenously by the researcher [6, 26] . In the first step, a criterion for defining which of the spatial units are neighbors needs to be determined. Figure 1 shows two commonly-used neighborhood criteria, cf. [6, 9, 27, 28] . On the one hand, Figure 1 shows the spatial relationships for municipality i according to a queen contiguity scheme. In analogy with the game of chess, the queen criterion states that municipalities are neighbors for municipality i only if they share a common border or vertex with i on the map [27, 30] . This is depicted by the striped spatial units in Figure 1 . Hence, municipality i has six neighbors according to the queen criterion. On the other hand, Figure 1 shows the spatial relationships for municipality i according to a distance contiguity scheme. Here, municipalities are neighbors for municipality i only if their centroids are within a specified radius around i. This is depicted by the sum of the striped and speckled spatial units in Figure 1 . Hence, municipality i has 19 neighbors in total using a radius of 15 km. If two municipalities are neighbors according to the neighborhood criterion, they receive a relationship in the matrix of one, otherwise zero. The diagonal elements of the matrix are usually set to zero, so municipalities are not considered neighbors to themselves [31] .
In a second step, the weights given to each neighbor need to be determined. Common approaches are a binary scheme assigning an equal weight of one to each of all neighbors and a distance scheme weighting geographically closer municipalities more strongly than more distant municipalities [6] . As a rule, the spatial weight matrix is considered in row-standardized form, meaning that each element is divided by its respective row sum, so that each row of the matrix adds up to one [31] . This enables better interpretability of the spatial estimation parameters [25] . For example, using binary weights for the queen contiguity scheme in Figure 1 , each of the six neighboring municipalities receives a row-standardized weight of one-sixth for municipality i.
Spatial dependence can occur in the dependent variable as a result of spill-over effects. In the case of farmland, prices in one municipality can be influenced by realized prices in neighboring areas. This effect arises because farmers typically act as competitors for land within a specific radius around their farms and usually use reference prices found in the same region [32] . However, to be able to use a price of a comparable lot as a reference, the reference price must be observable before the respective price formation starts [33] . Hence, we take both the spatial relationship, as well as the time constraint into account when defining a first-order contiguity spatial weight matrix W 1 . With regard to the spatial dependence, we use the queen criterion (cf. Figure 1) . Hence, we assume that the directly bordering municipalities represent the relevant farmland market for a farmer in municipality i and prospective buyers only use reference prices found in their relevant markets. With regard to the time constraint, a farmland value in municipality i is only influenced by the neighboring farmland values, which are observed before the farmland value in municipality i is determined. We use binary weights because our data lack information on the exact location of a transacted plot within a municipality, cf. [6, 28] . The matrix is considered in row-standardized form, and the diagonal elements are set to zero. Hence, the spatiotemporally-lagged farmland value (W 1 y) is treated as an exogenous explanatory variable and can be interpreted as the locally-weighted average farmland value of the adjacent municipalities of previous years.
Spatial heterogeneity refers to variation in relationships over space [30] . For example, spatiallycorrelated error terms arise if at least one spatially-distributed explanatory variable (e.g., climate factors) is omitted. For the error term, we define a row-standardized binary weighted queen-contiguity spatial weight matrix W 2 .
Accordingly, our hedonic pricing model using a spatiotemporal regression framework is given by:
where y is an n × 1 vector of farmland values (n = number of observations), W 1 is the n × n spatial weight matrix that defines the relevant neighborhood of each observation by simultaneously considering the time constraint and ρ is the respective coefficient for the exogenously-treated spatiotemporally lagged farmland value. X is an n × k matrix of explanatory variables with an associated k × 1 vector of regression coefficients β (k = number of explanatory variables). The disturbance term u follows a first-order spatial autoregressive process, where W 2 is another n × n spatial weight matrix, λ is the corresponding spatial autoregressive parameter and is an n × 1 vector of the remaining error term. Moran's I tests confirm the existence of spatial autocorrelation in the data and robust Lagrange multiplier tests indicate that both spatial effects have to be considered (for both federal states and all model specifications, the test results are highly significant, p-value < 0.0000). We use the multi-step approach of [34, 35] , which results in an unbiased and efficient estimation in the presence of spatial effects. Additionally, this estimation method is robust against unknown forms of heteroscedasticity. The procedure consists of two steps alternating a generalized method of moments and two-stage least squares estimators. Due to the lack of acceptable instruments, we have to assume all explanatory variables as exogenous.
Data
In this study, we use the standard farmland value (SFV) for arable land and grassland as the dependent variable in the hedonic pricing model. For both federal states, the SFV is determined by regional appraisers at intervals of two years. Data are available for 2008-2012 in Thuringia and for 2007-2013 in Rhineland-Palatinate. The SFV is an average value of nearly all farmland sales within the agricultural sector obtained from data on purchasing prices of the real estate appraiser board of the respective federal state. Only arm's length transactions are considered. Unfortunately, none of the data on purchasing prices are generally available. Thus, in Germany, the SFV is usually the best available variable for research purposes. Figure 2 illustrates the spatial distribution of the SFV for arable land and grassland in Thuringia (a and b). The mean SFV for arable land is 5094 Euro/ha in 2012, ranging from 1750-12,500 Euro/ha.
The highest values are found in the east and in the north of the federal state, while the central part is characterized by lower SFVs. For grassland, the mean SFV is 3646 Euro/ha with a lower variation ranging from 2000-8455 Euro/ha. High SFVs are found in the peripheral regions of Thuringia. Parts c and d of Figure 2 show the SFV for arable land and grassland in Rhineland-Palatinate. The mean SFV for arable land amounts to 8959 Euro/ha in 2013 ranging from 3000-51,970 Euro/ha. High values form a cluster in the northern part and a belt in the southeastern edge of the federal state. For grassland, the mean SFV is 6804 Euro/ha varying between 3000 and 41,000 Euro/ha. High SFVs for grassland are scattered across Rhineland-Palatinate.
Furthermore, Figure 2 shows the spatial distribution of the different types of protected areas. For both federal states, the areas of protected landscapes and nature reserves are presented on the left side of the figure. It is obvious that protected landscapes are larger than nature reserves, and both types overlap each other in some regions. On the right side of Figure 2 , the Natura 2000 areas are shown. Again, Special Areas of Conservation and Special Protection Areas overlap each other in some regions. Additionally, Figure 2 shows that national protected areas and Natura 2000 areas can also overlap each other.
We estimate separate models for arable land and grassland because the explanatory variables are assumed to affect arable land and grassland differently [15] . Due to the overlapping of the different types of protected areas, we decided to estimate separate models for European (SAC and SPA) and national (NSG and LSG) protected areas. Table 3 As described above, the row-standardized weights of the spatial weight matrix using a binary weighting scheme are calculated by "1/number of neighbors". For example, the maximum number of neighbors for a standard farmland value of arable land in Thuringia is 44. Hence, the minimum row-standardized weight for arable land in Thuringia is 1/44 ( = 0.0227). Due to significantly smaller municipalities in Rhineland-Palatinate, the maximum number of neighbors is higher compared to Thuringia. However, the average number of neighbors is similar for both federal states. Table 4 shows the definitions and descriptive statistics for the other explanatory variables used in this study. Maps of different protected areas were obtained from the Thuringian Regional Office for Environment and Geology [36] and the nature conservation administration of Rhineland-Palatinate [37] . By intersecting each map with the map of administrative regions from the German Federal Agency for Cartography and Geodesy [29] , the share of the respective type of protected area per municipality was calculated. The ability of farmland to generate returns from agricultural production depends on the soil characteristics such as quality and slope. The soil quality index was mostly available from the dataset of the SFVs. Missing values were provided by the responsible tax offices. The average slope of agricultural land was generated based on altitudes given by the digital terrain model of the Federal Agency for Cartography and Geodesy [38] and a land use map of the German Federal Institute for Geosciences and Natural Resources [39] . The extraction of agricultural land by using the land use map resulted in some missing values. For these municipalities, we used the average slope of total area as an approximation.
Government payment programs are a further source of income and, thus, could be capitalized into farmland prices. Payments for agro-environmental measures were obtained from the published information on recipients of EU direct payments for the year 2013 [40] . The level of direct payments for farmers of the CAP is equal within the federal states, and only minor differences exist between them. Thus, these payments were not included in the analysis. The Renewable Energies Law can lead to higher competition for land from the cultivation of energy crops. Data on biogas plants are published by the transmission system operators 50 Hertz Transmission and Amprion. The location of the respective plant operator was used as an approximation for the site of the plant.
All other variables are provided by the Federal Statistical Offices of Thuringia and Rhineland-Palatinate [41, 42] , except for data on income, which are provided by the German Federal Statistical Office [43] . The number of farms and farm sizes reflect the local competition between farmers for agricultural land. Population density, population change and income are variables to capture the impacts of non-agricultural land use. Since non-agricultural land use becomes more likely in proximity to urban centers, we also include the distances to cities with at least 100,000 inhabitants (criterion for large cities). The distance was measured from the centroid of the municipality to the centroid of the city. The fastest road distances to all of the large cities were calculated, and for each municipality, the shortest distance was selected.
Results
The estimation results for the SFVs of arable land and grassland for both federal states are given in Table 5 . For each federal state and for each type of land use, the first model specification includes the share of LSG and NSG; the second model specification includes the share of SAC and SPA.
The regression coefficient for the spatiotemporally lagged SFV is highly significant in all model specifications. The positive sign of the estimation parameter with a coefficient of approximately 1.15 in Thuringia and 0.91 in Rhineland-Palatinate for arable land indicates that an increase in the spatiotemporally lagged average neighboring SFV by one Euro per hectare raises the SFV in the respective municipality by 1.15 and 0.91 Euro/ha, respectively. Accordingly, the influence of neighboring municipalities is similar in both federal states. However, a coefficient greater than one for Thuringia indicates that the price dynamics are higher in the eastern federal state. Due to a lower initial level, the relative price increases were considerably high during the considered period, resulting in such a high spatiotemporal lag coefficient for arable land. With a coefficient for grassland of approximately 0.97 and 0.89 in Thuringia and Rhineland-Palatinate, respectively, the influence of neighboring municipalities is comparable to the results of arable land.
The spatial autocorrelation parameter λ (spatial error coefficient) is also significant in all model specifications.
For Thuringia, we find no significant impact of the different shares of protected areas on the SFV for arable land. In contrast, the share of NSG shows a significant price-increasing effect for grassland. An increase by 10% causes the SFV for grassland to raise by 75 Euro/ha. For Rhineland-Palatinate, the effects of the different types of protected areas are more diverse. Here, the shares of LSG and NSG negatively affect the SFV for arable land. The significant price-decreasing effect is (nine-times) higher for the share of NSG. This is a reasonable result as related usage restrictions are higher for NSG compared to LSG (see Table 2 ). However, both coefficients and the significance level are relatively low. An increase of 10% in the share of LSG or NSG results in a decrease of the SFV for arable land by 13 Euro/ha and 120 Euro/ha, respectively. The share of SPA has a significant and positive correlation with the SFV for arable land. Again, the coefficient and the significance level are relatively low. An increase of 10% in the share of SPA results in an increase of the SFV for arable land by 26 Euro/ha. For grassland, the shares of LSG and SAC have no significant impact on the SFV. In contrast, the shares of NSG and SPA show significant price-increasing effects. An increase of NSG or SPA by 10% causes the SFV for grassland to raise by 118 Euro/ha or 28 Euro/ha. These positive impacts might indicate that grassland utilization is encouraged by protected areas. This can occur if yields of grassland are not considerably negatively affected by usage restrictions related to NSG and SPA, while farmers are sufficiently compensated for higher production costs, e.g., by the contractual nature conservation. Then, grassland utilization might even become economically viable for farmers at first. However, these considerations only apply to the assumption that SFVs for grassland are not strongly influenced by non-agricultural land use purposes. Anyway, a positive correlation at least indicates that related usage restrictions can be more easily fulfilled by grassland utilization compared to arable land. Note:
• , *, **, *** significance at the 10, 5, 1 and 0.1 percent level. R command "spreg" is used for estimation [26, 44] . UAA = utilized agricultural area; AUM = agro-environmental measures; LSG = protected landscapes; NSG = nature reserves; SAC = Special Areas of Conservation according to the Habitats Directive; SPA = Special Protection Areas according to the Birds Directive. a Share of UAA that had to be excluded due to multicollinearity problems in Thuringia. b Squared correlation coefficient between the predicted and observed values of the dependent variable.
The remaining explanatory variables only slightly differ between the respective model specifications for the respective type of land use in both federal states. Soil characteristics show the expected effects [11, 27] . An increase of one soil point causes the SFV to increase by approximately 27 Euro/ha for arable land and 13-15 Euro/ha for grassland in both federal states. The slope only influences the SFV for arable land in Rhineland-Palatinate. Here, a one percent increase of slope results in a price-discount of 76 Euro/ha. The insignificance in Thuringia might result from a generally lower average slope compared to Rhineland-Palatinate (see Table 4 ). Additionally, management of arable land might be more concentrated in plain regions, and thus, higher slopes are not an issue for arable land in Thuringia anyway due to geographic circumstances. This is substantiated by the significant price-decreasing impact of slope on grassland for both federal states.
Farm characteristics reveal an interesting finding: while the number of farms positively affects the SFV for arable land in both federal states indicating higher competition for land when the number of farms increases, the impact of farm size differs. An increase of the farm size results in lower prices in Thuringia, but in higher prices in Rhineland-Palatinate. The opposite signs might be explainable by taking into account the different agricultural structures of these federal states. In Rhineland-Palatinate, the farm size is relatively normally distributed (small, medium and large farms exist) resulting in an average farm size of 53 ha (see Table 4 ). In this range, an increase of the farm size often results in economies of scale and, thus, in a higher willingness to pay for farmland. In contrast, Thuringia has one of the highest disparity between farm sizes. Here, a high number of very small farms and a low number of very large farms exist. As a result, the average farm size is considerably higher (236 ha/farm) compared to Rhineland-Palatinate. Even though we are not able to indicate whether the small or the big farms in Thuringia pay lower prices due to considering the average farm size per municipality, the negative sign of the farm size variable might indicate that very large farms are able to receive price discounts as a result of market power [45, 46] . For grassland, the impacts are similar for Rhineland-Palatinate, while no significant impacts are found in Thuringia.
In Rhineland-Palatinate, we also find a price-increasing impact of biogas production on the SFVs for arable land and grassland. Hence, the results indicate higher competition for land when energy crops are cultivated [9] . Non-agricultural factors play a comparatively minor role. Population density is positively correlated with the SFVs for arable land and grassland in both federal states. The positive relationship shows that competition for land between agricultural production and residential purposes exists [10, 47] . The impact of income on the SFVs is negative for both types of land use in Rhineland-Palatinate and for grassland in Thuringia. Good non-agricultural earning opportunities may result in a higher share of part-time farmers. If many of them have good non-agricultural income opportunities, the farmers typically do not strive for an increase in farmland, which results in lower competition for land [28] . Payments for agro-environmental measures have a negative impact on the SFV for grassland in Rhineland-Palatinate. However, the coefficient is quite small. All time dummy variables are strongly positively correlated with the SFVs indicating the general upward trend of farmland prices in Germany during the analyzed period [48] .
Overall, the high squared correlation coefficient between the predicted and observed values of the dependent variable (R 2 ) indicates good model fits for all model specifications in both federal states, especially for arable land.
Discussion and Conclusions
In Germany, nature conservation is mainly realized by the designation of different types of both national and transnational protected areas. National protected areas have their individual legislative decrees including the related commandments and prohibitions for the (agricultural) land use, but an overview of related usage restrictions for agricultural production is missing. However, related information is crucial for examining the impact of protected areas on farmland values. Hence, this study is a first attempt to fill this gap by giving such an overview for the German federal states Thuringia and Rhineland-Palatinate.
The empirical results indicate that protected areas can influence standard farmland values, but the impact must not always be negative. Hence, our first hypothesis is only partly supported. Furthermore, we find differences with regard to the sign and magnitude of the effect depending on the type of protected area (1), the type of land use (2) and the federal state (3). These findings lend support to our second hypothesis. Hence, the impact of protected areas on standard farmland values needs a differentiated discussion according to these three influencing factors.
(1) The impact of nature conservation depends on the type of protected area. In contrast to all of the other analyzed types, Special Areas of Conservation have no significant impact regardless of land use type and region. Such areas are designated to protect special habitats. As described above, the most relevant habitat for Germany belongs to grassland formations, which may explain the insignificant effect on arable land. The work in [49] analyzed the habitat types listed in the annex of the Habitats Directive and identified 63 habitat types that depend on or which can profit from agricultural management. Most of them depend on grazing and mowing, which illustrates the importance of grassland in Special Areas of Conservation. The work in [50] examined the relationship between agriculture and nature conservation from the opposite perspective, i.e., the effects of agriculture on the landscape habitat diversity in Natura 2000 sites of Greece. They focused on the impacts of arable land and also found some insignificant results, as well as differences with regard to the sign and magnitude of the significant effects on different habitat groups based on non-parametric Spearman's rank correlation coefficients. Overall, they concluded that agriculture does not have a negative effect on landscape habitat diversity.
Moreover, not the total area, but plots representing one of the habitats (and partly also adjacent parcels) are protected, and a variety of different measures exist, ranging from the maintenance of current land use to rewetting of agricultural land. Hence, related impacts on the value of farmland can considerably differ. This is possibly reflected by the insignificance in the empirical results.
However, as described above, the implementation of the Special Areas of Conservation is a multistage process. While the step of selecting the most suitable areas has been completed in Germany since 2006, there are several areas for which a legally-watertight definition of the favorable conservation status and related nature conservation measures are still missing. As Natura 2000 areas belong to large-scale protected areas, the implementation for the remaining areas could affect large amounts of agricultural land (cf. [51] ), and thus, a negative impact of Special Areas of Conservation on farmland values may arise in the future.
(2) The impact of protected areas depends on the type of land use. Protected landscapes and nature reserves negatively influence the standard farmland value for arable land in Rhineland-Palatinate. This indicates that related usage restrictions can reduce the value of farmland. A survey by [16] of credit institutes and agricultural experts substantiates our results. Nine of ten credit institutes expected a negative impact of protected areas on the market and loan value of farmland. Two hundred sixty three agricultural experts estimated the depreciation at a minimum of 15% and a maximum of 88% on average, but clearly stated that nature reserves lead to considerably higher losses of value compared to protected landscapes.
While there is evidence for a negative effect on arable land, grassland is mainly positively influenced by nature reserves and Special Protection Areas. As grassland combines various ecological functions regarding biodiversity, water, soil and climate protection [52] , the compatibility of grassland utilization and nature conservation as indicated here is a promising result. Possibly, grassland is less affected, as its use can be more easily combined with nature conservation measures compared to arable land. The main reason for this could be the method of management, which differs between both types of land use. Management of arable land is usually more intensive in terms of pesticides or fertilizer, as well as soil compaction. As the loss of ecological heterogeneity and the loss of wild flora and fauna species dependent on farmland habitats are often associated with agricultural intensification and specialization of land use [50, 53] , regulations to save biodiversity are likely to be more restrictive for intensively-managed arable land ( [53] referred to the abandonment of extensively-farmed habitats as a further reason for the loss of biodiversity).
In this context, [53] further found on the basis of a literature review that organic farming has been proven to be strongly advantageous for biodiversity. They presented a new label "Farming for Biodiversity" introduced with the aim of making nature conservation achievements of organic farms visible to consumers. They applied the underlying whole farm assessment system to 50 organic farms in north-eastern Germany and found a high diversity of arable plant species, even on fields without supplementary nature conservation measures. Furthermore, most of the farms easily achieved the total number of credit points for the large-scale measures required for the nature conservation certificate. Hence, the impact of protected areas on organically-managed farmland could be less pronounced compared to conventional farming.
(3) There are regional differences with respect to the impact of protected areas. While in Thuringia, only nature reserves are significantly and positively correlated with standard farmland values for grassland, the impacts are more differentiated in Rhineland-Palatinate (cf. (1) and (2)). The farmland market is quite different between East and West Germany. In eastern federal states, regional farmland markets are more dynamic, resulting in a higher share or farmland sold per year. Furthermore, the average amount of hectares sold per transaction is considerably higher in the eastern federal states [48] . Such land transactions mostly include several parcels, and a total price for the whole area is arranged. Hence, price discounts may be made only rarely for included protected plots in Thuringia.
Overall, the relatively low significance levels and coefficients indicate that farmland values are only slightly affected on average by the usage restrictions related to different types of protected areas.
However, it has to be clearly stated that individual farmers can surely be strongly affected by usage restrictions. According to [54] , the designation of a protected area can result in such negative economic and financial consequences for individual farmers that a land use change from purely agricultural purposes to land management under nature conservation measures can endanger their operational existence. This is particularly true if the whole farm is located in a protected area. Such negative effects have to be adequately compensated [51] , or the other way round, achievements of the farmers with regard to biodiversity services should be honored, e.g., through agri-environmental schemes or by means of adequate product revenues [53] . According to [55] , payments for ecosystem services often face the problem of information asymmetries, which are a key source of inefficiency due to the problems of adverse selection and overcompensation. Using a conceptual agent-based simulation model where payments are either fixed or set through a uniform or discriminatory auction, the authors found that fixed payment schemes can be much more effective than auctions in certain settings. They concluded that relative effectiveness depends on the context (baseline compliance with program standards among the participants, correlation between opportunity costs and ecosystem services in the landscape, heterogeneity in costs and budget size), which should be taken into serious consideration when a payment program design is chosen.
For agricultural policy, the heterogeneity in costs for providing biodiversity services among the individual farms makes it difficult to set the optimal level of support. For example, [56] used a spatially-explicit choice model to build a supply curve of the traditional and high nature value farming system in southern Portugal and predicted that the proportion of traditional farming increased from 20%-80% of the landscape, when economic incentives increased from about 100-160 Euro/ha. The work in [53] showed costs resulting from the integration of nature conservation measures ranging from 27 to more than 1000 Euro/ha depending on the farming system (e.g., dairy or suckler cows), site conditions (e.g., soil quality) and farming intensity.
For farmers, another problem is that the financing of nature conservation is often not ensured in the long run. For example, in both analyzed German federal states, the terms of contractual nature conservation and other support programs usually last five years. For the subsequent funding period, eligible activities can be newly developed or support payments can be changed. Related uncertainty for farmers should be eliminated, e.g., by an increase of financial funding resources, a (more) continuous CAP and by including farmers in the development or adjustments of protection measures. The work in [57] conducted semi-structured, open-ended interviews with farmers and officials to target the effects of the CAP tree density limit on the management of biodiversity-rich wood pastures in southern Sweden. The study revealed, on the one hand, many difficulties in managing the complex relations within landscapes with simplified legal measures, and on the other hand, a general critique concerned the endless and swiftly introduced changes within the CAP that do not harmonize with biophysical cycles guiding agricultural practices. Farmers and officials mentioned that it is this kind of swift change in policy that put constraints on their relationship and trust.
The need to increase funding of nature conservation by farmers becomes also obvious, when considering that habitats dependent on agricultural practices had a worse conservation status than non-agricultural habitats [49] .
It would be possible to transfer a higher share of support payments from the first to the second pillar of the CAP and using the extra money for compensation payments related to nature conservation. A reallocation of payments is already claimed by several stakeholders to achieve the concept of "public money for public services" [58] . Using extra money for nature conservation would definitely fit in this concept. It is further possible to grant a top-up premium in the framework of the direct payments of the first pillar of the CAP to farms cultivating farmland located in protected areas, cf. [56] . This top-up can be adjusted to the level of protection. However, these payments of the CAP are also not guaranteed in the long run. Hence, any financing approach for nature conservation that rests on payments of the CAP implies uncertainty for both farmers and nature conservation authorities.
There might be two alternative financing models. First, the regulation of intervention in nature according to § 14 (1) BNatSchG could be expanded by providing the long-term cultivation of protected agricultural land as an alternative compensation measure. The perpetrator of the intervention in nature can monetarily compensate environmental damage by paying the farmer to cultivate protected land. Such payments and related cultivation of protected land can be contractually guaranteed in the long run. However, this approach can only support the financing of nature conservation as it cannot guarantee that all agricultural land located in protected areas can be cultivated by the means of these contracts.
Second, previous studies found that natural amenities are also an important factor affecting farmland values. For example, [1] included the distance to protected federal land as an indicator for natural amenities in a hedonic agricultural land value model, whereby proximity had a significant price-increasing impact. Further studies analyzed such spillover effects of natural amenities on farmland values. A positive relationship was found for indicators like view diversity due to nearby wildlife habitats and amount of fish habitats [13] , wildlife recreation (hunting, fishing, wildlife watching) [59] , proximity to open space amenities [11, 15] , as well as the share of wetland and conservation land of the surrounding area [60] . All studies concluded that residents have a higher willingness to pay for living places providing natural amenities. As the protected areas are able to provide natural amenities like open space and recreation opportunities, resulting premium payments of residents could be used to compensate farmers for related losses of agricultural revenues. This opportunity of interpersonal compensation can lead to a welfare improvement following the Kaldor-Hicks-criterion [61] . The high willingness to pay of residents for natural amenities could also be used for compensating losses of returns from non-agricultural sources due to the prohibition of conversion to building land in most of the protected areas.
However, the aggregation level of data should also be taken into account. The standard farmland value is an average value for each municipality. On the one hand, the effect of lower single prices for farmland affected by protected areas might get lost by averaging all sale prices. On the other hand, the designation of conservation areas could also result in an increase of competition for remaining unprotected agricultural land. Due to the aggregation level, this price-increasing impact might compensate negative effects to a certain level. Given that the net effect of protected areas in our analysis is often insignificant, this could reflect the heterogeneity in this relationship. Hence, for further analyses of potential competition between agricultural production and nature conservation, a lower aggregation level of data could be useful, e.g., single sale prices with the information if the respective plot is located in a protected area. The regional appraisers could conduct analyses by means of the spatial regression method developed in this study at a small-scale level, as they have not only the exact location of the individual plot, but also the individual data of farmland prices that are not available to science due to data protection. Such small-scale regional studies may be able to take advantage of less aggregated data to elucidate the impact of protected areas on farmland values, both from the perspective of a direct negative impact on the production intensity of protected farmland and from the perspective of an indirect positive impact of increased competition for remaining unprotected farmland. Improved estimation of impacts of protected areas on agricultural land values is in any case vital for policies aiming at a future conflict-free combination of agricultural production and open space preservation. 
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